Abstract Review Article
IntRoductIon
A thyroid nodule may be defined as a discrete lesion within the thyroid gland that is radiologically distinct from the surrounding gland. [1] Palpable thyroid nodules are present in approximately 5% of women and 1% of men in iodine sufficient areas. If high-resolution ultrasound (USG) was used, up to 68% of randomly selected individuals may have nodules -more in women and increasing with age in both sexes. [2] There is a linear increase in the prevalence from almost none at age 15%-50% by the age of 65 years. [3] Thyroid nodules are the clinical manifestation of a myriad of pathologic processes. Nonneoplastic nodules are the result of glandular hyperplasia arising spontaneously or following partial thyroidectomy. [4] Hashimoto's thyroiditis may present with a nodular feel but do not represent an example of true nodule formation. Adenomas are characterized by orderly architecture and few mitosis with no lymphatic or vascular invasion. Necrosis is common in nodules resulting in cyst formation. Nodules are monoclonal and grow slowly reflecting the long time taken by thyroid cells to divide. Most nodules are detected incidentally. Symptoms of growth and invasion such as dysphagia dystonia and stridor are rare. Bleeding into the nodule occurs rarely and presents with increase in size pain and tenderness or even transient thyrotoxicosis.
Thyroid cancers are uncommon and account for <0.5% of cancer deaths. [5] However, the incidence of thyroid cancer is increasing rapidly and currently appears to be the most rapidly increasing malignancy among men and women in the general population. [6] This appears to be a worldwide phenomenon. [7] The mortality rates appear to be unchanged largely reflecting the fact that the increase is primarily in early stage papillary carcinoma. In part, this increase may be attributed to greater use of imaging since the early 1990s.
The clinician's approach to the thyroid nodule over the years is to primarily distinguish the small number of nodules that harbor a malignancy from the majority that do not. At autopsy, up to 30% of thyroid glands will harbor malignant nodules which are under 1 cm (microcarcinomas); many but not all of them these will have an indolent course.
Thyroid nodules are prevalent in upto 68% of randomly selected individuals in whom high resolution ultrasound is performed . The majority of nodules are benign. The use of ultrasound coupled with FNAC has dramatically reduced the number of patients who undergo surgery for nodules. The six tier Bethesda scoring system has reduced variability and increased the ability to clinicians to guide patients with thyroid nodules. There is good correlation between cytology and histopathologic outcomes. A significant proportion of patients will however fall into an indeterminate category. The availability of molecular markers enhanced with next generation sequencing technology and the expression classifier are added diagnostic aids that can help in management. However these are not available in many countries and in resource limited settings. A pragmatic approach to the diagnosis of indeterminate nodules includes utilising pre and post test probability, clinical acumen, correlation of ultrasound findings and expert opinion in some settings. Using this approach high risk patients can be appropriately chosen for surgery while relegating patients with lower risk to watchful followup.
scoRIng systeMs and theIR IMpact on decIsIon-MakIng In solItaRy nodules
Conventionally, the approach to the thyroid nodule has been muddled by the lack of standardization of both imaging and cytologic techniques. The availability of high-frequency USG and the development of risk scores that can quantify the risk of thyroid malignancy is a significant advance that has demystified decision-making in thyroid nodules. Several USG features have been identified in multivariate analysis as associated with malignancy, specifically papillary cancer of the thyroid (PTC). These include the presence of microcalcifications and nodule hypoechogenicity when compared with strap muscles, irregular margins (infiltrative microlobulated and spiculated), shape taller than wide on transverse view, central vascularity, and twinkling on B flows imaging. [8] Follicular thyroid cancer (FTC) has somewhat different features. They are more often iso-or hyper-echoic, noncalcified, round with grater AP dimensions, and regular smooth margins. Follicular variant of PTC has similar dimensions. [9] Some features on USG are associated with a low risk of differentiated thyroid cancer. A spongiform appearance defined as the aggregation of multiple microcystic components in more than 50% of then nodule is strongly suggestive of a benign nodule. [10] Other USG features include hyperechogenicity, large coarse calcification, peripheral calcifications, puff pastry appearance, and comet tail shadowing.
Several risk scoring systems have been developed which aim to reduce interobserver variability and allow clinicians to make decisions regarding further workup and follow-up. The most useful of these is the Thyroid Imaging Reporting and Data System (TIRADS) classification [ Table 1 ]. Similar to the Breast Imaging-Reporting and Data System for breast lesion, the TIRADS system allows the user understand and explain to the patient the risk of malignancy in a nodule and the need for further workup including aspiration. [8] In the author's experience, the TIRADS system correlates exceptionally well with the Bethesda system for cytology. [11] The American Thyroid Association uses a different system based on an estimated risk of malignancy from centers that deal with a high volume of patients with thyroid nodules and malignancy [ Table 2 ]. [1] There is a significant correlation between both systems. However, some nodules that do not meet the criteria for malignancy in the American Thyroid Association guidelines appeared have increased risk of malignancy (18.2%). [12] Similarly, USG-guided cytology and the standardization of interpretation of thyroid cytology has reduced ambiguity. The diagnostic groups reported under the six-tiered Bethesda system for reporting thyroid cytopathology have gained widespread acceptance [ Table 3 ]. [13] An adequate specimen is defined as composing of at least six groups of cells each having 10-15 cells. When this is not present, the fine-needle aspiration cytology (FNAC) is deemed inadequate or nondiagnostic. Approximately 5% of all aspirations in experienced hands will fall into this category. Several factors contribute to nondiagnostic specimens including nodule component and FNAC technique.
Adequate specimens are categorized as benign, malignant, or indeterminate with the latter being divided into three specific categories each correlating with a different malignancy risk. These include atypia of undetermined significance (AUS), follicular or Hurthle cell neoplasms, and suspicious for malignancy [ Table 3 ]. 2%-3% of benign nodules as determined by FNAC will subsequently prove to be malignant. Conversely, the same amount of malignant nodules on FNAC will prove to be benign. [14] Large studies showed a high degree of concordance between the system and pathology, especially in the definitively benign and the definitively malignant categories with variability in the intermediate categories.
Decision-making in the "indeterminate" category possesses the greatest challenge for the clinical endocrinologist and will be the focus of this review.
settIng the context
For the purpose of this review, the indeterminate thyroid nodule will be defined as those nodules that have after an initial evaluation (history, physical examination, ultrasound, and FNAC) have received Bethesda classification of either III, IV, or V (BIII, BIV, and BV). This indeterminate category falls into a malignancy risk between 5% and 75% and represents up to 40% of all FNACs. At the lower end of the spectrum which is AUS follicular lesion of undetermined (FLUS), we will need to rule out disease -we need an approach that has high negative predictive value (NPV). An ideal rule out will have the NPV of Bethesda II (BII) cytology (96.3%). At the higher end of the spectrum, we will need an approach that has high positive predictive value. An ideal "rule in" will have the positive predictive value of Bethesda VI (BVI) cytology (98.6%). Conceptually, our approach to AUS/FLUS and follicular neoplasm (FN)/suspicious for follicular neoplasm should be to rule out malignancy, so we need an approach with tools that have high sensitivity and high NPV; similarly, our approach to suspicious for malignancy should be to rule in malignancy and our approach should have tools that have high specificity and positive predictive value [ Figure 1 ].
avaIlable MalIgnancy MaRkeRs and theIR utIlIty In IndeteRMInate thyRoId nodules
The association of gene mutations and translocation fusions with thyroid cancer has been described extensively. [15] Over the years, several markers of malignancy have been evaluated. Many of the early markers were suboptimal for clinical use. Panels of markers have been developed to improve efficiency and accuracy and commercialized. These panels and their ability to rule out and rule in indeterminate nodules are briefly summarized.
The Afirma Gene Expression Classifier (GEC) (Veracyte, Inc., South San Francisco, California, USA) uses microarray technology to analyze mRNA expression of 167 different genes, 142 of which are commonly, and 25 which are uncommonly seen with thyroid cancer. Only BIII and BIV are accepted for analysis and generate two possible results, benign and suspicious. In the BIII and BIV setting, the GEC has an NPV of 95% and 94%, respectively. It must be noted that in the BV category, the NPV was only 85%. [16] The PPV in BIV and BV are low at 38% and 37%, respectively, reaffirming the role of this test as a rule out (benign) than a rule in test. The usefulness of this test is largely determined by the institutional prevalence of malignancy in nodules. [17] and appears to be most useful in a practice setting with the prevalence of malignancy in indeterminate lesions of 15%-21%. The value of a "suspicious" result is less well categorized because of the low PPV. The GEC also reports a number of Hurthle cell-rich but benign lesions as suspicious limiting its use in this category. The value of the GEC is testified by the dramatic reduction in resection of cytologically indeterminate nodules from 74% to 7.6% in a multi-cohort study. [18] The Afirma Malignancy Classifier (AMC) is an extension of the GEC. This is performed only on BV or BVI lesion or a suspicious GEC and tests through an mRNA profile for medullary thyroid carcinoma (MTC) (five genes) and DTC through the BRAF V600E mutation. The test is yet to be validated extensively. As of the time of this writing, the GEC is not widely used in India. The cost is comparable to or lower than the cost of thyroidectomy in an average surgical center in India.
BRAF is most commonly seen in up to 45% while rat sarcoma viral oncogene homolog (RAS) and (Ret proto-oncogene) RET/PTC gene mutations are identified in 10%-20% of PTCs. Approximately 70% of PTCs harbor one of the The ThyGenX Test uses a next-generation sequencing (NGS) platform to identify over 100 mutations in eight genes and is an improvement on an earlier panel available. The test requires one pass of FNAC of 50 ng of cellular material. It only accepts BIII and BIV cytology for testing. The ThyraMir is based on the analysis of 10 available miRNAs involved in the cell-cycle progression, differentiation, and proliferation in thyroid pathology and is meant to be used when ThyGenX is negative. Combined these tests offer an NPV of 94% in BIII and BIV which is comparable to the GEC. The PPV at 74% is higher than the GEC. Importantly, when both tests are negative, the residual risk of cancer is low at 6%.
ThyroSeq v2 is an NGS-based test which again is an enhanced version of a previous platform that now tests for 14 genes with over 1000 mutations, 42 RNA alterations. The panel reported a sensitivity and specificity of 90% and 92% translating into an NPV, PPV, and accuracy of 96%, 83%, and 92%, respectively. [19] When applied to a population in whom the risk of malignancy in BIII BIV lesions is between 5% and 15%, the panel is expected to have an NPV of 98%-99% and a PPV of 40%-69% as based on Bayesian modeling making it an effective "rule out test" but not a good "rule in" test. Further, data are required to confirm the effectiveness of this panel. To the best of the author's knowledge, there is no significant experience of the use of this panel in India.
bethesda III (atypIa of undeteRMIned sIgnIfIcance/follIculaR lesIon of undeteRMIned)
The BIII describes a group of FNAC specimens that contain cells with architectural or nuclear atypia that would not qualify it for BII but does not contain enough suspicious features that would warrant a higher class assignment. This category was intended for limited use and expected to have a frequency of about 7%. Usage of this category by cytologists has been variable with studies reporting usage up to 27%. When patients in this category underwent surgery, malignancy was seen up to 14.5%. [20] Using USG features to estimate malignancy, risk in BIII lesions has been examined. The reported cancer risk in BIII lesions and high suspicion sonographic features was between 90% and 100%. The prevalence of at least one suspicious feature on USG in BIII lesions ranged from 18% to 50% and increased the risk of malignancy to 60%-90%. [21] It must be noted that the overall malignancy rate in these studies was 40%-45%.
Fludeoxyglucose-positron emission tomography (FDG-PET) has been reported to have a high NPV when applied to the diagnosis of cytologically indeterminate thyroid nodules. In a systematic review and meta-analysis of six studies, FDG-PET had a low PPV (39%) and a high NPV (96%) when performed in thyroid nodules with BIII or BIV cytology. [22] This approach is however not recommended.
Since there is significant interobserver variability in this category, [23] one recommended approach is to obtain a second opinion from a high volume cytopathologist. Central cytopathologists from institutions with high volume make fewer indeterminate diagnosis (55% vs. 42%) than community-based cytopathologists [23] In one study, a second opinion for a nodule originally read as indeterminate and subsequently reclassified as benign had an NPV 95%. The second opinion improves diagnostic accuracy from 60% to 74% and avoids diagnostic surgery in 25% of patients.
A repeat FNA may reclassify the lesion into a more definitive diagnosis. A repeat diagnosis recategorizes an AUS lesion into a benign category the majority of the time with an indeterminate diagnosis persisting only a third of the time. [24] Malignancy rates are similar with single BIII and two successive BIII diagnoses. This approach has been recently questioned.
When available, the GEC appears to be an ideal rule out test in BIII with a reported NPV of 95% in patients with BIII cytology. [16] The Afirma GEC is most useful in excluding malignancy in settings where the overall incidence of malignancy is between 12% and 25%. Recent retrospective studies confirm this high NPV though this may be lower in community-based hospital settings. [25] The PPV of the GEC is 38% in a BIII lesion. The value of a suspicious lesion by GEC is thus limited. The AMC extends the PPV of the GEC and may be useful in suspicious lessons. As observed above, there is very limited experience for this modality in India. An enhanced version of the Thyroseq 2 with PPV of 83%, an NPV of 96%, and accuracy of 92% makes it a good rule in a rule out test.
A composite of clinical ultrasound and cytology and patient preference may be used to decide if surgery is required when molecular testing is not available. A pragmatic approach to the diagnosis of AUS/FLUS (BIII) [26] lesions is summarized in Figure 2 . This diagnostic category consists of either (a) an arrangement of follicular cells with cell crowding and microfollicle formation and lacking nuclear features of PTC or (b) almost exclusively of Hurthle (oncocytic cells). [27] The majority of tumors are benign follicular adenomas driven by the oncogenic RAS mutation with uncertain malignant potential. The risk for malignancy is intermediate (15%-30%) . The application of this category has provided a mean prevalence of 10% (1%-25%) and mean cancer risk of 26% (14%-33%). Traditionally, diagnostic excision has been used in this category. Molecular markers have added considerably to the diagnostic assessment in this category.
The GEC was reported to have a 94% NPV and 37% PPV in BIV. Subsequent studies have confirmed both the not so high NPV and the low PPV. In a prospective registry, the PPV is 15% and NPV 75% in BIV lesions. There is a tendency for the GEC to report Hurthle cell-rich lesions as suspicious leading to a significant decrease in PPV to 15%. [28] Thus, the GEC may not be ideal to be used to avoid diagnostic lobectomy in the majority of patients when classified as GEC suspicious.
An initial seven-gene panel including BRAF, RAS, RET PTC, and PPARY has an NPV of up to 86%. [29] However, this does not avoid diagnostic lobectomies since only 70% of cancers harbor one of the mutations. Expanding this with additional mutations and gene rearrangements and using to NGS extended the NPV to 96% (95% CI 92%-100%) and PPV to 83% (95% CI 72%-95%). The Thyroseq v2 assay has a positive predictive value of 83% (95% CI, 72%-95%), an NPV of 96% (95% CI, 92%-100%), and 92% accuracy (95% CI, 88%-97%) in BIV lesions. Patients with BIV cytology and negative NGS-based testing may be followed without surgery. Exceptions include populations with unusual prevalence of malignancy or high pretest probability of disease including family history high-risk sonographic features or prior irradiation. In the presence of these features, the pretest probability will often exceed 50% reducing the NPV to <90%; this would be considered too low to avoid diagnostic thyroidectomy. [30] The clinical approach to the patient with the BIV lesion is summarized in Figure 3 .
bethesda v (suspIcIous foR MalIgnancy)
Aspirates with cytologic features that raise a strong suspicion of malignancy but insufficient for conclusive diagnosis are assigned BV. Approximately 1%-6% of patients are assigned to this category and at an average 75% (53%-87%) of patients have malignancy diagnosed at surgery. The pretest probability of disease is high necessitating surgery in patients with this category. Mutational testing has high specificity with low sensitivity. GEC has a PPV that is similar to cytology alone and an NPV of 85% and is not indicated. The seven-panel gene of mutations is associated with a PPV of 80%-95% and an NPV of 72%-75%. [29] Conceivably, a positive test may help plan the extent of surgery; a negative test does not obviate the need for one. The AMC may be useful in this setting though not extensively validated.
conclusIon
The author's current approach to thyroid nodules is summarized in Figure 4 . Decision-making in thyroid nodules has significantly improved because of processes available [31] including collaborative work between the endocrinologist, sonologist, cytologist, and surgeon, high-resolution ultrasound, USG-guided FNAC, and on the spot testing for adequacy. The consistent use of ultrasound-and cytology-based scoring systems has greatly reduced uncertainty. The use of clinical data that assesses the risk of malignancy coupled with adequate knowledge of the prevalence malignancy in the population, use of sonographic features in conjunction with the Bethesda scoring system allows for informed decision-making in the "indeterminate nodule." When available molecular markers supplement clinical judgment; A Bayesian-based approach will in the event of their nonavailability allow the endocrinologist to reduce surgery as a sure fire choice in low-risk lesions.
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